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Abstract 
Traditional motion learning support systems have a single piece of motion data as a model motion although the data is not always 
the best one for learners. There is also a fear that some learners regard the model motion as the absolute one. To solve this 
problem, we proposed a system showing various model motions to the learners. They can select one of the following model 
motion; arbitrary coach's motion, the coach's motion whose physique is the most similar to learner's one, the average motion of 
all coaches and the nearest motion to the average. On the system, learners are able to choose one from these four types as a model 
motion if the system has some coaches' motion data. Through an evaluation experiment, we concluded that the system was 
helpful for motion learning. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
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1. Introduction 
In recent years, more and more researchers are developing systems which support beginner's motion learning by 
showing of motion1,2,3. It used to be difficult for many people to prepare an environment for motion capture, but now 
everyone became able to capture his/her own motion data even in a general home because an inexpensive motion 
sensor "Kinect" was released several years ago by Microsoft. There are already some researches regarding a motion 
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learning support system using Kinect4. Therefore, it will not be impossible that the motion learning style using 
Kinect spreads more and more in future. 
In most cases, the model motion of traditional systems is set statically by developers. Indeed there are some 
motion learning support systems whose threshold value is variable5, but many learners who do not have enough 
knowledge about the motion will be confused. 
If a system has a single piece of motion data as a model motion, learners will be able to receive consistent 
instruction on the system, but that system also will have some problems as follows: 
 
x The model motion might not be neutral because there is a fear that it is based on some dogmatic opinions. 
x The model motion might not fit some learners' physique. 
x Some learners might regard the model motion as the absolute one although it is nothing more than one of many 
model motions. 
 
To solve these problems, there are some methods such as making the standard modifiable or selectable, preparing 
some coaches' motion and so on. If the standard is modifiable, learners will be able to grow out of one-sided learning 
for sure. However, some learners who are unfamiliar with the motion will be confused in the case that they have to 
set the standard by themselves. If the system has some coaches' motion data, learners will be able to widen their 
knowledge and find out a learning method fitting for every learner. However, if the system has a large number of 
data, it will be hard that learners quickly find out the data which they require. 
As stated above, traditional motion learning support systems have some problems. If the system has a single 
model motion only, it might hinder learner's many-sided learning. On the other hand, if the system has many model 
motion data, there will be many advantages, but those many data will confuse some learners. Therefore, the system 
has to select necessary data from a motion database and show it to the learner from various aspects. In a situation 
that there is a large number of data, it is important that the system select data from a database for a learner. 
Regarding a motion database, there are already some researches6. 
In this paper, we developed a prototype system that arranges and shows various model motions according to a 
requirement. That is because we believe that a system with many model motion data brings meaningful learning 
rather than a system with a piece of model motion data. The goal of this paper is to support learner's many-sided 
learning. 
2. Overview of the system 
In this section, we explain about our new motion learning support system.  
It is very simple to use the system. You just have to prepare a PC and a Kinect to begin using the system. Besides, 
you can use the system without any difficult operations. Most of users will be able to use it anytime because of the 
simple specification. 
The system consists of three modes: the capturing mode, the learning mode and the coaching mode. We explain 
their details as follows. 
2.1. Capturing mode 
In the capturing mode, learners and coaches are able to capture their own motion with Kinect. When a learner or 
coach stands in front of the Kinect, Kinect begin tracking his/her body. During capturing, the learner or coach can 
look at the PC screen to make sure that he/she is in the visual field of the Kinect normally (Fig. 1(a)). After the 
learner or coach finishes the motion which he/she wants to learn, he/she can press the “finish button” on the screen 
to stop capturing. At the next screen, the leaner or coach can trim the motion which he/she has just captured at the 
previous screen, and tag it with a motion name before saving it to the system (Fig. 1(b)). The skeletal structure 
which the system creates is shown by Fig. 2. 
Every time a learner or coach captures motion in this mode, the system saves it as a new file. Learners can check 
their own motion in the learning mode whenever they like. A captured coach's motion is stored as a model motion 
on the database. All motions are shown in the coaching mode and anybody can watch them.  
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Fig. 1. (a) Capturing motion with a Kinect; (b) Trimming and tagging motion data. 
  
Fig. 2. The skeletal structure of motion data 
2.2. Learning mode 
In the learning mode, the system supports learners' motion learning by showing of superposition between a 
learner's motion and a model motion. The center-hip position of the model motion is relocated every frame 
according to that of the learner's motion, so learners can easily recognize the difference between their own motion 
and the model motion on the PC. What learners can study here are deviations of timing, posture and so on. 
In addition, learners can select a model motion according to a purpose. This is the largest different point between 
our new system and traditional systems. The traditional systems only have a single piece of model motion data, but 
our new system is able to store many model motion data. 
The system has four special buttons on the left part of the screen (Fig. 3 (a-d)). Learners can press those buttons to 
set a model motions type. If the system has some model motion data, learners can choose one from the following 
model motion types: 
 
(1) Arbitrary coach's data (Fig. 3. (a)) 
(2) The coach's data whose physique is the most similar to learner's one (Fig. 3. (b)) 
(3) The average data of all coaches (Fig. 3. (c)) 
(4) The nearest data to the average (Fig. 3. (d)) 
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If you press the button of the type (1), you can freely select a model motion from the motion database by pressing 
the two small buttons on the left-bottom corner of the screen just as if you flipped through TV channels. If you press 
the button (2), the system will compare your physique and every coach's physique that the system has in the 
database, and will show you the coach's data whose physique is the most similar to yours. If you press the button (3), 
the system will show you the average motion which the system has created automatically on the basis of all coaches' 
motion data. If you press the button (4), the system will pick up the nearest data to the average from the database 
and will show you it. Regarding the algorithm for realizing of the functions, we explain the detail in Chapter 3. 
Learners do not always necessarily obey the model motions which we prepared, but we expect that those four 
type model motions will resolve the problems which we mentioned in Chapter 1. We consider that (1), (3) and (4) 
can resolve the problem "the model motion might not be neutral because there is a fear that it is based on some 
dogmatic opinions", (2) can resolve the problem "the model motion might not fit some learners' physique", and the 
existence of (1) - (4) can resolve the problem "some learners might regard the model motion as the absolute one 
although it is nothing more than one of many model motions." 
In addition, learners can press the camera button to change the viewpoint, can press the play/pause button to 
watch motion, and can control the synchronism nob to match the start time of model motion with that of a learner's 
motion. 
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Fig. 3. (a) Arbitrary coach's data; (b) The coach's data whose physique is the most similar to learner's one;                                           
(c) The average data of all coaches; (d) The nearest data to the average. 
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2.3. Coaching mode 
In the coaching mode, coaches are able to correct some errors of a learner's motion. The learner's motion is 
shown without superposing. If you are familiar with a motion and find some errors in the motion of another person, 
you can correct it on the basis of your judgment by the following processes: 
 
(1) Click a bone which requires correction (Fig. 4. (a)) 
(2) Set the time range which requires correction (Fig. 4. (b)) 
(3) Control knobs to rotate the joint angle (Fig. 4. (c)) 
(4) Repeat the steps (1) - (3) until the motion become ideal 
 
The correction result is returned to the original learner. We aim to publish our system on the Internet, so this 
function will be useful for many learners if they accept it as a kind of e-learning style. The system can deal with any 
kinds of motion if only Kinect can capture it, so the concept of mutual-learning or skill-exchange can be realized in 
the future. 
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b 
 
c 
 
Fig. 4. (a) Choosing of a bone; (b) Setting of the time range; (c) Correction of joint angles. 
3. Methods for realizing of the functions 
In this section, we explain the methods for realizing of the functions mentioned in Chapter 2. 
3.1. Matching 
We adopted Dynamic Programming matching (DP matching) to match timings of two motion data. This process 
is necessary for creating the average motion data and comparing two motion data. Even if timing, speed and 
amplitude of two motion data are different each other, those motions can be matched temporally by using DP 
matching. In the case that motion-recoding time is long, however, there is a problem that the calculation takes a 
large amount of time. Improving the calculation cost will be one of our tasks that should be tackled in the future. 
3.2. Creating the average motion data 
The system creates the average data of all coaches' motion in advance. The average motion is shown in the 
learning mode when a learner presses the button for requesting the average data. 
First, the system calculates the average of orientation of each bone after solving a temporal relation problem 
between two motions by DP matching. This process is executed for timing of every motion. Next, the system 
organizes those results and creates a piece of average motion data. 
3.3. Picking up the nearest data to the average 
After applying DP matching, the system finds the data of which p  in the equation (1) takes the minimum, and 
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then regards it as “the nearest data to the average”. The value p  is given as, 
 
 
 
(1) 
Where n  is the number of bones, m  is the number of sampling time, and Ƚi j is the angle formed by the bone i  of a 
piece of coach's motion data at the timing j and the bone i  of the average motion data at the timing that corresponds 
to the timing j . 
3.4. Picking up the motion data whose physique is the most similar to learner's one 
The system finds the data of which q  in the equation (2) takes the minimum, and then regards it as “the motion 
data whose physique is the most similar to learner's one”. The value q  is given as, 
 
(2) 
Where n  is the number of bones, i is the length of the bone i  of the learner's motion data, and l i is the length of 
the bone i  of a piece of coach's motion data. 
4. Evaluation experiment and the result 
We made an experiment to confirm the system's validity and to find points to be improved. 
4.1. Method 
We applied the same method to every subject. The number of subjects was fifteen and the target motion was 
Japanese archery. We gave three coaches' motion data to the system in advance. The experimental procedure was as 
follows: 
 
(1) Receiving guidance about the target motion 
(2) Operating the traditional system 
(3) Answering the questionnaire regarding the traditional system (Questionnaire A) 
(4) Operating the proposed system 
(5) Answering the questionnaire regarding the traditional system and the proposed system (Questionnaire B) 
 
The traditional system is a system made by us to compare with the proposed system in this experiment. The 
traditional system does not have the new functions that we mentioned in the section 2.2, so it shows only one piece 
of coach's data (Fig. 5). 
The questionnaire A consists of some free description type questions and the questionnaire B consisted of some 
free description type questions and five-rating scales. 
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Fig. 5. The traditional system. 
4.2. Result 
Many opinions and evaluations regarding the system were obtained through the questionnaires. On the basis of it, 
we summarized the results and showed it with tables in this section. 
Table 1 shows a part of advantages of the proposed system. These advantages were given through the free 
description type questions of the questionnaire B. The left columns of the table shows the answer sentences by 
subjects and the right columns shows the number of subjects who wrote a similar answer on the questionnaire. 
Table 2 shows points to be improved regarding the traditional or proposed system. These results were given 
through the free description type questions of the questionnaire A and B. Although the questionnaire A was made 
for the traditional system and the questionnaire B was made for the proposed system, both systems had the same 
interface and appearance, so some answers to one of the systems were also applicable to the other system. 
Table 3 and table 4 show the evaluation of the proposed system's functions. Each value of table 3 shows whether 
the proposed system will help learners to keep their motivation for learning. The values of table 4 show whether the 
proposed system will help learners to improve their skills. These results were given through the seven-point scale 
type questions of the questionnaire B. The questionnaire designated “3” as “Agree”, “0” as “Neither agree nor 
disagree” and “-3” as “Disagree”, but did not specify what the other numerals were. 
Table 5 shows the other evaluation given through the seven-point scales of the questionnaire B. 
Table 1. Advantages of the proposed system. 
A part of answers given through the free description type question. 
The number of 
subjects who wrote a 
similar answer. 
The system shows a learner the model motion whose physique is the most 
similar to learner's one. 8 
The system has some types of model motion data. 7 
The system can show motion which is fit for each learner. 3 
Learners can compare some different model motion data on the system. 1 
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Table 2. Functions requested for the future of the proposed system through the questionnaire. 
A part of answers given through the free description type question. 
The number of 
subjects who wrote a 
similar answer. 
A function for setting a viewpoint arbitrarily. 5 
A function for superposing each part of motion. 2 
A function for watching some model motion data at the same time. 2 
A function for changing the motion speed such as double speed and 0.8 
times speed. 1 
A function for adjusting a model motion's physique to the learner's 
physique. 1 
A function for indicating the most different bone from that of the model 
motion.  1 
Table 3. The evaluation of the functions regarding keeping the motivation for learning. 
The questions for the seven-point scale. Mean Variance 
The function showing “Arbitrary coach's data” is useful. 1.07 1.00 
The function showing “The coach's data whose physique is the most 
similar to learner's one” is useful. 2.33 0.36 
The function showing “The average data of all coaches” is useful. 0.80 0.96 
The function showing “The nearest data to the average” is useful. 1.27 1.53 
Table 4. The evaluation of the functions regarding improving a skill. 
The questions for the seven-point scale. Mean Variance 
The function showing “Arbitrary coach's data” is useful. 1.73 1.53 
The function showing “The coach's data whose physique is the most similar 
to learner's one” is useful. 2.40 0.51 
The function showing “The average data of all coaches” is useful. 0.73 0.73 
The function showing “The nearest data to the average” is useful. 1.10 1.18 
 
Table 5. The evaluation regarding the other questions. 
The questions for the seven-point scale. Mean Variance 
The proposed system is easy to operate. 1.67 1.42 
The traditional system is easy to operate. 1.87 0.92 
The proposed system suits many-sided learning. 1.53 1.98 
The traditional system suits many-sided learning. -1.00 1.87 
You want to continue using the proposed system. 1.60 0.64 
You want to continue using the traditional system. -0.07 1.00 
5. Discussion 
From the results, we concluded that the proposed system was totally more helpful than the traditional one. In 
other words, we can also say that showing of some coaches' motion is an effective proposition. Besides, the results 
reveal that the system leaves much room for improvement. 
According to table 3 and 4, we can say that all of the proposed functions on the learning mode will be able to 
support learner's learning in aspects of both keeping of motivation and improving of skills. In particular, showing 
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“The coach's data whose physique is the most similar to learner's one” is the most useful for learners, and showing 
“Arbitrary coach's data” and “The nearest data to the average” also have certain effectiveness. The reason why “The 
coach's data whose physique is the most similar to learner's one” got a good evaluation will be that the motion data 
was picked up for the individual learner. Showing “The average data of all coaches,” however, is not as useful as the 
other three functions. That will be because learners feel anxious with credibility of motion data made by machine. 
Moreover, it is also worth doing research on the effect of the system which has a function showing the motion data 
whose physique is automatically adjusted to the learner's physique. 
According to table 5, we can say that the proposed system has an advantage for many-sided learning and learners 
want to continue using the proposed system rather than the traditional one. Therefore, it appears that many learners 
regard many-sided learning as important. Here, “many-sided” means to recognize something from various aspects, 
so the result suggests that there are many learners who want to grasp their own motion by comparison with several 
coaches' motion. 
6. Conclusion 
In this paper, we aimed for supporting learner's many-sided learning and developed the new system which shows 
some coaches' motion. Through the evaluation experiment, we concluded that the system was more helpful for 
motion learning than traditional one. However, the system still has some problems, so we will have to improve its 
interface and enhance the functions as our future work. 
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